Tetracycline resistance genes and tetracycline resistant lactose-fermenting Enterobacteriaceae in activated sludge of sewage treatment plants.
Activated sludges were sampled from five sewage treatment plants (STPs) distributed in three geographically isolated areas, i.e., Hong Kong (Shatin, Stanley), Shanghai (Minhang) in China, and the bay area in California (Palo Alto and San Jose) of the United States. Among the tested 14 tetracycline resistance (tet) genes, nine genes encompassing efflux pumps (tetA, tetC, tetE, and tetG), ribosomal protection proteins (tetM, tetO, tetQ, and tetS), and enzymatic modification (tetX) were commonly detected in the STP sludge samples, whereas five genes encompassing efflux pumps [tetB, tetD, tetL, tetK, and tetA(P)] were not detected in any sludge sample. Additionally, 109 lactose-fermenting Enterobacteriaceae (LFE) strains were isolated from the activated sludge of the Shatin STP. Tetracycline-resistant (TR) LFE accounted for 32% of the total 109 LFE strains. The occurrence frequencies of tet genes among all TR-LEF strains varied from 0 to 91%, i.e., tetC (91%), tetA (46%), tetE (9%), tetG (6%), and tetD (6%). Finally, quantitative real-time polymerase chain reaction was used to quantify the change of tetC and tetA genes as the indicator of TR-LEF in the Shatin and Stanley STPs. The results showed that the concentrations of tetC and tetA genes in STP effluent ranged from 10(4) to 10(5) copies/mL, significantly lower than those in the influent by 3 orders of magnitude.